Aberration correction has revolutionized electron microscopy, for the first time allowing direct imaging of sub-angstrom atomic spacings. Using this technique for catalytic materials has been especially beneficialthe improved signal-to-noise ratios now allow for detection of quantities of some elements as small as a single atom, giving a complete picture of particle size distribution. Wider probe-forming apertures θ used in aberration-corrected STEMs also result in reduced depth of field (Δz = λ/θ 2 ), making it possible to optically section through a sample, similar to widefield optical microscopy. For modern C 3 -and C 3 , C 5 -corrected instruments, convergence angles are in the rage of 20 to 35 mrad or more, resulting in the depth of field of low single nanometers (in amorphous and off-axis media). This makes it possible to examine 3D structure of realistic heterogeneous catalysts in three dimensions with nanoscale vertical resolution. STEM focal series can be used to detect single atoms and in suitable cases, determine of their height with subnanometer precision [1, 2] . In the higher end of the currently achievable range of the convergence angles, it is in principle possible to detect a single dopant atom even in an aligned crystal [3] .
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For single atom images in catalysts, the observed values of the depth of field (derived from intensity vs defocus plots) are quite close to the values predicted solely from the residual microscope aberrations. For crystalline particles, the observed depth of field can be considerably larger due to their finite thickness as well as channeling effects. However, other parameters can be used for determination of the particle depth more precisely, such as the range of the fringe contrast (Fig.1) . Additional approaches to improve data interpretation include acquiring several focal series datasets at different tilt angles.
This and other considerations make the development of a general algorithm for 3D structure determination from the STEM focal series a complex computational problem. Two major steps of such approach include (1) precise image registration and (2) deconvolution to reduce noise and recover 3D information. Fig. 2 (ac) shows two different STEM data sets acquired from two different view points (tilted 0, 10, and ~-10 degrees, respectively). In a first processing step, all frames in each data set are registered using normalized mutual information to compensate for misalignments (Fig.2, d-f) . Next, each 3D STEM data set is denoised applying 3D deconvolution via Dougherty's method [4] (Fig. 2 (g-i) ). Optimal approaches to mutually registering datasets acquired at different angles will also be discussed. 
